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Introduction

In the present work, the radiation of noise to the interior
of passenger cars was studied in detail. For this purpose,
a test case was developed which represents a simplified
model of an automobile.
Up to now there is very little work towards a compre-
hensive investigation of the fluid flow, the structural me-
chanics and the acoustics as well as the interaction of the
different fields (see, e.g., Arguillat et al. [1], Schäfer et
al. [2]).

Model Setup
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Figure 1: Schematic drawing of the setup with dimensions
of the side window (units in mm)

The overflown outer geometry of the car model is iden-
tical to the SAE-body [see Figure 1]. The whole model
is acoustically insulated in such a way that noise radia-
tion to the interior is limited to the driver’s door. One
region of the door investigated in the following is the side
window. Sheet glass with a thickness of hg = 3 mm was
selected. The streamwise and spanwise extension of the
glass plate corresponds approximately to a real side win-
dow.
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Figure 2: Configurations of the Setup (units in mm)

In order to force an excitation of the side window, obsta-
cles at the a-pillar [see Figure 2(a)] and various simplified
side mirrors [see Figure 2(b), 2(c)] were mounted. The

objective of the investigations was to get results corre-
sponding to both a configuration with the obstacle at
the a-pillar and the model of the side mirror with square
cross section. To generate a basis of comparison, addi-
tional investigations were carried without any obstacle.
In the presented investigations, a free-stream velocity of
U∞ = 150 km/h was applied.

Experimental Method

The measurements were performed under semi free field
condition in the acoustics wind tunnel of the BMW AG,
Munich.
A 1/2” free field condenser microphone (B&K 4189) is
employed for the sound measurements at the position of
the driver’s ear facing the side window.
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Figure 3: Sound pressure level at the position of the driver’s
ear

For the measurements of unsteady wall-pressure fluctua-
tions at high sample rates, a 1/8” pressure field condenser
microphone (B&K 4138) is applied at a position in the
wake of the side mirror model. To investigate the coher-
ence of different pressure fluctuations at the surface of the
side window, correlation measurements of the 1/8” mi-
crophone and seven randomly distributed piezoresistive
pressure transducers (Kulite XCQ-093-5SG) are carried
out.
Phase-resolved scanning vibrometer measurements are
performed to identify the vibration modes of the side
window. For this purpose, a Polytec single-point laser-
Doppler velocimeter (OFV-505) is used together with a
Polytec scanning vibrometer (PSV-400) to detect the vi-
bration of the side window at 1624 uniformly distributed
measuring positions.
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Experimental Results

Figure 3 shows the spectra of the measurements of the
sound radiation to the driver’s ear. The spectra of the
case without any obstacle and the case with obstacle at
the a-pillar are very similar, differing significantly from
the acoustically insulated configuration over 1 kHz. With
the model of the side mirror, the spectrum has an almost
constant offset from the fully insulated reference for fre-
quencies larger than 100 Hz.
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Figure 4: Frequency spectra of the wall-pressure fluctuations
at a position in the wake of the side mirror model

In terms of the unsteady wall-pressure measurements at
a position in the wake of the side mirror model, one can
observe a rise of amplitudes from the reference case with-
out any obstacle to the configuration with the obstacle
at the a-pillar to the case with the model of the side mir-
ror, which is in accordance with expectation. The peak
in the spectrum of the case with mirror model at around
60 Hz results from perodic vortex shedding. Contrary
to the microphone measurement of the sound pressure,
the spectra for the case without any obstacle and the case
with obstacle at the a-pillar show an offset over the whole
frequency range. Over 1 kHz, the spectrum for the case
with side mirror approaches the spectrum for the case
with obstacle at the a-pillar [Figure 4].
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Figure 5: Frequency spectra of the vibration velocity of the
side window surface, mean of 1624 measuring positions

Qualitatively similar for the measurement of the surface
velocity of the side window, the mean spectra of 1624
measuring positions approach for the cases under cosider-
ation over 1 kHz [Figure 5]. Nevertheless, the spectrum
for the case with the model of the side mirror correlates
to the spectrum of the sound pressure for that case in
Figure 3.
To sum up, neither the spectra of the wall-pressure mea-
surement nor the spectra of the surface velocity measure-

ment show consistently the characteristics of the mea-
surement of the interior acoustics.
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Figure 6: Coherence between seven randomly distributed
pressure transducers and the 1/8” microphone in the centre
of gravity of the side window; case with model of the side
mirror

Regarding the case with the model of the side mirror,
the coherence between seven randomly distributed pres-
sure transducers and the 1/8” microphone in the centre
of gravity of the side window is very strong at around
60 Hz [see Figure 6]. This is due to the fact that vortices
shed periodically from the side mirror model. Based on
this data set it is not possible to distinguish hydrodan-
mic pressure fluctuations exciting vibrations of the side
window and acoustic pressure fluctuations transmitting
the side window.

Conclusion

The experimental setup presented allows for the investi-
gation of noise radiation into the passenger cabin. The
spectra of the sound pressure level in the interior are
characteristic compared to real passenger cars. Both the
specral distribution of wall-pressure and the surface ve-
locity of the side window do not correspond coercively
to the distribution of the sound pressure for the different
cases. Instead, the distributions can be observed as op-
positional. This fact might result from different forms of
correlation of hydrodynamic and acoustic pressure. To
separate the different pressure types, measurements with
more pressure transducers at a higher number of measur-
ing postions are going to be performed.

Acknowledgements

Financial support by the Bavarian Research Foundation
(BFS) is gratefully acknowledged.

References

[1] Arguillat, B., Ricot, D., Bailly, C., Robert, G.:
Mesured wavenumber: Frequency spectrum associated

with acoustic and aerodynamic wall pressure fluctua-

tions. J. Acoust. Soc. Am., Vol. 128, No. 4, 2010.
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